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APPENDIX 1. Integrated anatomic identification in
right upper lobe resection simulator
1. Pulmonary hilum
2. Superior pulmonary vein
3. Pulmonary artery
4. Bronchus
5. Azygous vein
6. Esophagus
7. Right upper lobe bronchus
8. Middle lobe vein and variants
9. Lymph nodes (zone 4)
10. Lymph nodes (zone 7)
11. Inferior pulmonary ligament
12. Recurrent superior segment artery
13. Right upper lobe veinTEACHING POINTS
1. Selection of appropriate patients for VATS lobectomy.
2. Surgical indications and contraindications for VATS lo-
bectomy.
3. Relevance of specific pulmonary function tests for
stratification of risk factors for VRUL resection.
4. Appropriate preoperative anesthesia preparation, in-
cluding placement of double-lumen endotracheal tube.
5. The correct camera positioning is the eighth intercostal
space anterior to the axillary line.
6. The correct positioning of the anterior instrument port
site is above the horizontal fissure (usually in the fourth
to fifth intercostal space).
7. The correct positioning of the posterior instrument port
site is above the dome of the diaphragm (usually poste-
rior axillary line eighth to ninth intercostal space).
8. The anatomic landmark separating the right upper lobe
from the right middle lobe is the horizontal (minor) fis-
sure.
9. The anatomic landmark separating the right upper and
middle lobes from the right lower lobe is the major fis-
sure.254 The Journal of Thoracic and Cardiovascular Surg10. Appropriate positioning of the lung to identify and dis-
sect pulmonary vasculature.
11. Appropriate positioning of the lung to identify and dis-
sect bronchial tissue.
12. The right upper lobe consists of apical, anterior, and
posterior segments.
13. The superior pulmonary vein is the most anterior struc-
ture in the pulmonary hilum.
14. The apical anterior trunk is directly posterior to the su-
perior pulmonary vein.
15. The double layer of pleura connecting the lower lobe to
the mediastinum and the medial part of the diaphragm
is the inferior pulmonary ligament.
16. Appropriate procedure for identification of air leaks in-
traoperatively.
17. Identification of lymph nodes stations 4R and 7, includ-
ing anatomic borders.Discussion
Dr Richard Whyte (Stanford, Calif). Surgical education is
changing, and there is increased emphasis on education, sys-
tems-based practice, safety, core competencies, work-hour restric-
tions, and so on, and less on the ‘‘service’’ component of
a resident’s job. Furthermore, we are getting away from an appren-
ticeship model and the old ‘‘see one, do one, teach one’’ approach.
One aspect of this change is that of simulation. It has been going on
for some time. David Gaba, at our own institution, has developed
an anesthesia simulator and has been using it for approximately 15
years to teach residents how to manage crises in the operating
room. And of course the airline industry has been doing this for
a long time; the downside there is that, although the simulators
are of high fidelity, they cost $20 million or so, a little outside of
our reach. Surgery has been somewhat slow to start on this but cer-
tainly is catching up, and this article is an excellent example of
where things are going. To follow on this, the Thoracic Surgery
Foundation for Research and Education, as you know, has put
$100,000 into surgical simulation, specifically thoracic, and I think
you and your colleagues are the benefactors of this to a certain ex-
tent. Furthermore, I think it is important that the federal govern-
ment emphasize surgical simulation. A number of us spent
a couple of days last week in Washington, DC, advocating for pas-
sage of the Enhancing Simulation Act of 2009, which would allo-
cate approximately $50 million in 2010 to medical simulation in
general, and I would hope that surgery would be part of this.
Minimally invasive surgery provides new and fertile ground for
simulation-based training, and this article is an excellent example
of where things are going. The model is not perfect, but no models
are. Certainly it has some advantages in terms of being able to de-
scribe anatomic variants and allowing the student to do this over
and over again and improve their skills. As to disadvantages, I
think there is probably a lack of tactile feedback, but this is an
area where therewill be progress. The costs of this simulation tech-
nology is probably somewhat high and is something that would be
interesting to hear about, but my 2 questions are how will you and
your colleagues specifically put this into the educational format or
syllabus for your trainees, how do you coordinate it with pig
models or operating room-based training, and how do you planery c January 2011
Solomon et al Evolving Technology/Basic Scienceto translate this across to other institutions so they can take advan-
tage of some of these novel technologies?
Dr Solomon. Toanswer thefirst question regarding integration of
this into the curriculum, we have currently written a manual that we
are working on distributing to the residents, and it will be integrated
into theNewYorkUniversity simulation laboratory. The planwill be
to get residents to spend time to repeat multiple iterations. We have
not yet determined the validated measure that we are going to use to
measurewhether residents are ready to go to the operating room and
perform these procedures. We have noticed in all prior studies that
residents have improved with repeated iterations, so the goal would
be tomonitor these residents over time and see how they are improv-
ing on the simulator. As I mentioned, this is a low-fidelity simulator.
It is meant mainly to teach the cognitive points of the simulation and
the basic anatomic spatial relations and basic dissection. It does not
teach the high-fidelity portions of getting around vessels, so
obviously it will be integrated with pig models and other models
to teach the actual sewing vessels and getting around vessels. Both
will be integrated into the curriculum, and hopefully the long-term
goal for validation will be to train residents on it and then test
them in the operating room and see how their performance improves
in the operating room with time and with training.
Regarding your second question, one of our goals was to make
this as portable and easily distributable of a system as possible.
The entire system fits into a single small suitcase. It is 1 or will
be expandable to 2 robotic arms and a single laptop computer,
so it is easily sharable with other universities, with other programs,
and hopefully in the thoracic boot camp model we can bring it
down there and train residents initially with the simulator.
Dr Donald Low (Seattle, Wash). I believe Dr Whyte also asked
you about cost, and I will add to that: Is this program now manda-
tory for residents to use or are you still testing as to where it is
going to ultimately fit?
Dr Solomon.We are still testing as towhere it is going to fit.We
are hoping to make it mandatory within the coming years.
Regarding the cost, there is a large initial cost of developing
this. As you mentioned, the airline industry has $20 million grants
to develop their simulators, and they create high-fidelity simula-
tors for flying jets. We do not have anywhere near that kind of
money, but we are hoping that for less than half a million dollars
we will be able to create the next version of a truly high-fidelity
haptic simulation where residents actually feel as if they are oper-The Journal of Thoracic and Caating. The cost for buying a single unit has not yet been deter-
mined, but it will definitely be affordable. As I mentioned, it is
just a laptop and robotic arms and a small amount of software,
so it will definitely be affordable at the university level.
Dr Paul Schipper (Portland, Ore). I think what you are doing
is fantastic, and I applaud your efforts. Dr Grossi certainly knows
more about computers than I ever will. When I look at these sim-
ulations though, they resemble the video games that I played in
1995 or earlier, early Castle Wolfenstein and DOOM, and when
I see what my son is playing, Call of Duty Modern Warfare and
Halo-3, it is like you are there in the video game. I am wondering
what you think it will take for us to get to that level of realism in
simulation, and I am also wondering if we get away from a PC
platform and move to a Wii or an X-Box 360, would that be a dif-
ferent way to attack this?
Dr Solomon. Thank you for your point. Very good question and
a question that comes up a lot.We need to compare this with what is
reasonable, and to be honest, electronic arts developing games such
asCall ofDuty andHalo-3, the games I have played and enjoyed, are
spending hundreds of millions of dollars and 20 years of research to
do this. We will never get that kind of funding to spend hundreds of
millions of dollars to do that.We try tomake it as realistic looking as
possible, but I do not foresee it ever reaching that point. We do hope
to use their technology though and go as far as possible to make this
realistic, but it will require a large sum of money to make these look
realistic and a large amount of time and manpower. These compa-
nies tend to have thousands of peopleworking on these video games
at a time just for the graphic development.
Regarding your second question about integrating a personal
video game system, it is definitely an option we have thought of.
The PC-based system actually provides a little more manpower
and workforce as far as the graphic simulation. It allows lower-
cost, higher-fidelity graphic simulation. It would be easier to
have these at home, and currently we are looking at things like
the built-in anatomy explorer that I mentioned to be visible on de-
vices such as the iPad. This has all been developed in HTML5,
which, without getting into too much detail, is visible on the
iPad, and students and residents and trainees would be able to
download and explore the anatomy. Getting a haptic device to
hook up to that would be expensive and probably insurmountably
expensive for the individual trainees, but it is an idea that we have
contemplated.rdiovascular Surgery c Volume 141, Number 1 255
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